We investigate the mid-(MIR) to far-infrared (FIR) properties of a nearly complete sample of local Active Galactic Nuclei (AGNs) detected in the Swift/BAT all sky hard X-ray (14-195 keV) survey, based on the cross correlation with the AKARI infrared survey catalogs complemented by those with IRAS and WISE. Out of 135 non-blazer AGNs in the Swift/BAT 9 month catalog, we obtain the MIR photometric data for 128 sources either in the 9, 12, 18, 22, and/or 25 µm band. We find good correlation between their hard X-ray and MIR luminosities over 3 orders of magnitude (42 < log λL λ (9, 18 µm) < 45), which is tighter than that with the FIR luminosities at 90 µm. This suggests that thermal emission from hot dusts irradiated by the AGN emission dominate the MIR fluxes. Both X-ray unabsorbed and absorbed AGNs follow the same correlation, implying isotropic infrared emission, as expected in clumpy dust tori rather than homogeneous ones. We find excess signals around 9 µm in the averaged infrared spectral energy distribution from heavy obscured "new type" AGNs with small scattering fractions in the X-ray spectra. This could be attributed to the PAH emission feature, suggesting that their host galaxies have strong starburst activities.
INTRODUCTION
A complete survey of Active Galactic Nuclei (AGNs) throughout the history of the universe is one of main goals in modern astronomy, which is necessary to understand the evolution of supermassive black holes (SMBHs) in galactic centers and their host galaxies. Given the fact that the majority of AGNs are obscured by dust and gas surrounding the SMBH, observations in hard X-ray and mid-infrared (MIR) bands are proposed to be promising tools for detecting the whole populations of AGNs (both radio quiet and loud ones) thanks to their strong penetrating power than optical/UV lights and soft Xrays. In fact, recent deep multi-wavelengths surveys utilizing these energy bands are discovering a large number of obscured AGNs (Brandt & Hasinger 2005) . Hard X-ray selection gives the most efficient way to have a clean AGN sample with little contamination from host galaxies. On the other hand, MIR selection sometimes achieves even better sensitivities in detecting AGN candidates than currently available X-ray data below 10 keV for heavily Compton thick AGNs with column densities of N H > 10 24 cm −2 , although separation of AGN components from star forming activities could always become an issue (Oyabu et al. 2011) . To understand the efficiency and completeness of these surveys at different wavelengths, it is quite important to establish the relation between hard X-rays and infrared emission of AGNs based on a large sample of nearby, bright AGNs for which detailed studies can be made.
The Swift/Burst Alert Telescope (BAT) survey
Electronic address: ichikawa@kusastro.kyoto-u.ac.jp ) is one of the most sensitive all sky surveys in the hard X-ray band (>10 keV), providing us with the least biased sample of AGNs in the local universe including heavily obscured ones, along with those by INTEGRAL (Winkler et al. 2003; Bird et al. 2010) . Suzaku follow-up observations of BAT AGNs have discovered a new type of deeply buried AGNs with a very small scattering fraction (Ueda et al. 2007; Eguchi et al. 2009; . Assuming that the amount of gas responsible for scattering is not much different from other objects, it is suggested that these new type AGNs are obscured in a geometrically thick torus with a small opening angle. Understanding the nature of this population is important to reveal their roles in the cosmological evolution of SMBHs and host galaxies. The MIR band also provides crucial information on the inner region of the AGN tori. It is known that a thermal continuum in the MIR band originates from hot circumnuclear dust heated by optical/UV/X-ray photons from the central engine. Many works suggest that MIR emission is a good indicator of AGN activity. Horst et al. (2008) ; Gandhi et al. (2009) have found a strong correlation between X-ray (2-10 keV) and MIR (12.3 µm) luminosity from the nucleus of Seyfert galaxies, using the VLT/VISIR data where the AGN can be spatially resolved from the host galaxy in many cases. In this paper, we statistically examine the correlation between the infrared and X-ray luminosities of AGNs by utilizing a large uniform sample in the local universe, and investigate their infrared properties as a function of obscuration type. For this purpose, we use the Swift/BAT 9-month catalog ) as the parent sam-ple, whose multiwavelength properties have been intensively investigated. Here we focus only on "non-blazar" AGNs. As for the infrared data, we primarily use the allsky survey catalogs obtained with AKARI, Japanese first infrared astronomical satellite launched on 2006 February 22 (Murakami et al. 2007) , which provide unbiased galaxy samples selected in the mid-and far-infrared (FIR) bands with unprecedented sensitivities as an all sky survey mission. To complement the infrared data of AGNs whose counterparts are not detected or do not have reliable flux measurements with AKARI, we also utilize the all sky survey catalog of NASA's Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010 ) mission, launched in 2010, as well as the catalogs of the Infrared Astronomical Satellite (IRAS; Neugebauer et al. 1984) , a joint project of the US, UK, and the Netherlands launched on January 25, 1983. In Section 2, we present the sample selection criteria and the results of cross correlation between the Swift/BAT and AKARI catalogs. In Section 3, we discuss our two main results, the luminosity correlations and infrared average SED for different types. The conclusion and summary are given in section 4. Throughout the paper, we adopt H 0 = 70.0 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7.
2. SAMPLE 2.1. Swift/BAT Hard X-ray Catalog The Swift/BAT 9-month catalog contains 137 non-blazar AGNs with a flux limit of 2 × 10 −11 erg cm −2 s −1 in the 14-195 keV band. The redshift range of this sample is 0 < z < 0.156. investigated the soft X-ray (0.5-10 keV) properties of 128 (94.8%) BAT-detected non-blazar AGNs of . By fitting the X-ray spectra taken with Swift/X-Ray Telescope (XRT) or XMM-Newton, they derive key spectral parameters, such as the absorption column density (N H ), covering fraction of the absorber (f c ) or the scattering fraction (f s ) with respect to the transmitted component (f scat ≃ 1 − f c ). In our paper, we do not use the interacting galaxies NGC 6921 and MCG +04-48-002, which are not separated in the Swift/BAT catalog. Hence, the parent sample consists of 135 sources.
2.2. Infrared Catalogs 2.2.1. AKARI Point Source Catalogs To obtain the infrared band properties of these Swift/BAT AGNs, we mainly use the AKARI All-Sky Survey Point Source Catalogs (AKARI-PSC). AKARI carries two instruments, the infrared camera (IRC; Onaka et al. 2007 ) for the 2-26 µm band (centered at 9 µm and 18 µm) and the Far-Infrared Surveyor (FIS; Kawada et al. 2007 ) for the 50-200 µm band (centered at 65, 90, 140, and 160 µm). One of the major objective of AKARI satellite is to obtain an all-sky map of infrared sources. The AKARI all-sky survey observations covered nearly the full sky (≥96 %), and detected 870,973 sources with the IRC and 427,071 sources with the FIS. It achieved the flux sensitivities of 0.05, 0.09, 2.4, 0.55, 1.4, and 6.3 Jy with position accuracies of 6 arcsec at the 9, 18, 65, 90, 140, and 160 µm bands, respectively. In our study, we only utilize sources with the quality flag of F QU AL = 3, whose flux measurements are reliable 1 . As for the FIS catalog, we only refer to the 90 µm data as a representative FIR flux, which achieve the most significant sensitivity improvement compared with the previous IRAS mission among the four FIR bands.
IRAS Catalogs
The IRAS mission performed an unbiased all sky survey at the 12, 25, 60 and 100 µm bands. The typical position accuracy at 12 and 25 µm is 7 arcsec and 35 arcsec in the scan and cross scan direction, respectively (Beichman et al. 1988) . In this paper we use two largest catalogs, the IRAS Point Source Catalog (IRAS-PSC) and the IRAS Faint Source Catalog (IRAS-FSC). IRAS achieved 10σ point source sensitivities better than 0.7 Jy over the whole sky. The IRAS-FSC contains even fainter sources with fluxes of >0.2 Jy in the 12 and 25 µm bands. We use only IRAS sources with FQUAL= 3 (the highest quality) 2 .
2.2.3. WISE All-Sky Catalog The WISE mission mapped the sky at the 3.4, 4.6, 12, and 22 µm bands, achieving 5σ point source sensitivity better than 0.08, 0.11, 1, and 6 mJy, respectively, in unconfused regions on the ecliptic poles (Wright et al. 2010) . The WISE all-sky survey utilizes the data taken from 2010 January 7 to August 6 3 . The source catalog contains positional and photometric information for over 563 million objects. The position accuracy estimated from the comparison with the 2MASS catalog is ∼2 arcsec at 3σ level. In this paper, we only use sources with the flux quality indicator ph qual = A, which has Signal-toNoise ratio larger than 10. Since the angular resolutions of WISE (6.5 and 12.0 arcsec at 12 and 22 µm, respectively) are slightly worse than those of AKARI IRC (5.5 and 5.7 arcsec at 9 and 18 µm, respectively), we refer to the profile-fitting photometry of WISE derived by assuming point-like sources, for consistency with the AKARI catalog. This is justified because our targets of WISE are relatively distant (hence more compact) compared with those detected with AKARI or IRAS (see Section 2.3 for details). The photometric data of WISE are given in Vega magnitude, from which we convert into the Jansky unit using the zero-point flux densities of F ν (iso) = 31.674 Jy and 8.363 Jy for 12 µm and 22 µm, respectively.
2.3. Cross Correlation of Swift/BAT AGNs with the IR Catalogs We determine the IR counterparts of the Swift/BAT AGNs by cross-correlating the AKARI, IRAS, and WISE catalogs in this order. Our primary goal is to obtain the photometric data in the MIR band as completely as possible from the hard X-ray selected sample. We put the highest priority to the AKARI catalog because of its high sky coverage (97 % of the all sky) and 2-4 times 1 See the release note of the AKARI/FIS catalog for the details of FQUAL. It is recommended not to use the flux data when FQUAL ≤ 2 for a reliable scientific analysis. http://irsa.ipac.caltech.edu/data/AKARI/documentation/AKARI-FIS_BSC_V1 2 see Beichman et al. (1988) higher sensitivity than the IRAS survey. While all the IRAS sources should be detected with AKARI, AKARI's flux quality flags of very nearby (z < 0.005) objects turn out to be bad due to their extended morphology when fitted with a single Gaussian. In such cases, we rather refer to the IRAS data with good flux quality, which have ≈11 times worse angular resolution than AKARI, since we aim to measure the total MIR flux from both nucleus and host galaxy in a uniform way for all the AGN sample. For AGNs that are not detected with AKARI or IRAS, we utilize the WISE all-sky catalog, which has 50 times better sensitivity than AKARI and therefore we can search fainter sources than ever in the MIR all-sky view, although the bright source are saturated due to the high sensitivity.
First, based on the positional matching of the optical counterparts of the Swift/BAT AGNs with the AKARI-PSC, we determine their infrared counterparts in the 9 µm, 18 µm, and 90 µm bands. Here we adopt the maximum angular separation of 0.15 ′ and 0.2 ′ for the IRC and FIS sources, respectively, which correspond to typical 3σ positional errors at faintest fluxes (Ishihara et al. 2010; Yamamura et al. 2010) . We find 70, 79, and 62 AKARI counterparts in the 9 µm, 18µm, and 90 µm bands out of the total 135 non-blazar BAT AGN sample. Figure 1 shows the distribution of the angular separation between AKARI and optical positions for the Swift/BAT AGNs with IRC counterparts (red) and those with FIS counterparts (blue). The IRC sources are more concentrated in a small distance range (with an average of ∆r = 0.02 ′ ) than the FIS sources ( ∆r = 0.08 ′ ), as expected from the positional accuracy in these catalogs.
Further, for AGNs whose MIR fluxes are not reliably measured (F QU AL < 3) or not detected with AKARI (65 and 56 sources in the 9 µm and 18 µm), we search for their counterparts at 12 µm or 25 µm in the IRAS-FSC and IRAS-PSC. Here we adopt the 50 arcsec radius, corresponding to the <2σ positional error in the crossscan direction. As a result, 11 and 9 IRAS counterparts with F QU AL = 3 are identified in the 12 µm and 25 µm band, respectively. Finally, we utilize the the WISE catalog to find the MIR counterparts in the 12 µm or 22 µm band for the remaining AGNs detected neither in the AKARI nor IRAS catalogs (54 and 47 sources in the 9 µm and 18 µm bands). The matching radius of 2 arcsec is adopted. Thus, we identify 45 and 39 WISE sources with ph qual = A in the 12 µm and 22 µm band, respectively. In summary, we identify total 128 MIR counterparts detected any in the 9, 12, 18, 22, and 25 µm out of the 135 Swift/BAT AGNs. Thus, the completeness of identification in the MIR band is 95%.
We confirm that the probability of wrong identification with unassociated IR sources is negligible with these criteria for all the IR catalogs. Since the mean number density of the AKARI-PSC IRC and FIS sources in the all sky is ∼20 deg −2 and ∼10 deg −2 , the expected number of contamination for the total 135 AGNs within each error circle is estimated to be only 0.05 and 0.04, respectively. The number density in the IRAS catalog is 6.2 deg −2 , and hence the expected contamination for the 65 AGNs whose counterparts are searched for within the radius of 50 arcsec is 0.24. Similarly, we estimate false identification of the WISE sources with a number density of 5.63 × 10 8 /(4.125 × 10 4 ) = 1.36 × 10 4 deg −2 to be 0.71 within the radius of 2 arcsec for the searched 54 sources.
AGN Type
To examine the infrared properties for different AGN populations, we divide the sample into three types based on the X-ray spectra. The first one is "X-ray type-1" (hereafter type-1) AGNs, defined as those showing the absorption column density of N H < 10 22 cm −2 . The second is "X-ray type-2" (hereafter type-2) AGNs that have N H > 10 22 cm −2 . In addition, we are interested in whether or not there is distinction in the IR properties of "new type" AGNs, which exhibit extremely small scattered fraction (f scat ≡ 1 − f c ) suggesting the geometrically thick tori around the nuclei. Here we define new type AGNs as those satisfying f c ≥ 0.995, which are treated separately from the other (normal) type-2 AGNs in this paper.
2.5. Luminosity Correlation between AKARI, IRAS, and WISE Data To make it possible to uniformly treat the MIR luminosities of AGNs at slightly different wavelengths obtained from the three IR observatories, we here investigate the correlation between the AKARI/IRAS/WISE luminosities, using the sample commonly detected with AKARI and IRAS, or with AKARI and WISE. We choose IRAS 12 µm/WISE 12 µm for AKARI 9 µm, and IRAS 25 µm/WISE 22 µm for AKARI 18 µm, respectively, because of the proximity of the central wavelengths. Figure 2 displays luminosity correlations between (1) AKARI 9 µm versus IRAS 12 µm, (2) AKARI 9 µm versus WISE 12 µm, (3) AKARI 18 µm versus IRAS 25 µm, and (4) AKARI 18 µm versus WISE 22 µm. We check the strength of these luminosity correlations by using Spearman's test. We obtain Spearman Rank coefficient (ρ) and null hypothesis probability P of (1) (ρ, P ) = (0.97, 2.37 × 10 −34 ), (2) (ρ, P ) = (0.97, 3.6 × 10 −37 ), (3) (ρ, P ) = (0.98, 5.7 × 10 −40 ), and (4) (ρ, P ) = (0.99, ≤ 10 −42 ). Since correlations between "luminosities" can be forced from those between "fluxes", we also check the strength of the flux-flux correlations and obtain (1) (ρ, P ) = (0.93, 7.6 × 10 −24 ), (2) (ρ, P ) = (0.92, 4.9 × 10 −26 ), (3) (ρ, P ) = (0.96, 5.9 × 10 −33 ), and (4) (ρ, P ) = (0.99, ≤ ×10 −42 ). Thus, we confirm that the correlations in both luminosity and flux between different infrared catalogs are tight and significant. The standard deviation of the luminosity-ratio distribution between these two bands in the logarithm scale is found to be (1) 0.14 dex, (2) 0.17 dex, (3) 0.10 dex, and (4) 0.08 dex, respectively. The dispersion does not affect our conclusion on the MIR and hard X-ray luminosity correlation (Section 3.1). Based on the correlation, we derive the empirical formula to convert the IRAS or WISE luminosities at 12 µm, 22 µm, or 25 µm into the equivalent AKARI luminosities at 9 µm or 18 µm as follows; log λL λ (AKARI 9 µm) = log λL λ (IRAS 12 µm) − 0.051
(1) log λL λ (AKARI 9 µm) = log λL λ (WISE 12 µm) + 0.057 (2) log λL λ (AKARI 18 µm) = log λL λ (IRAS 25 µm) − 0.058 (3) log λL λ (AKARI 18 µm) = log λL λ (WISE 22 µm) − 0.016
Assuming that AGNs detected not with AKARI but with IRAS or WISE should follow the same correlations as examined here, we apply these conversion factors to derive the 9 or 18 µm "AKARI equivalent" luminosities for them so that we can discuss the correlation with hard X-rays in a uniform way regardless of the matched catalogs. Among the 128 Swift/BAT AGNs with MIR counterparts, 126 and 127 objects have the flux measurement in the 9 µm and 18 µm band, respectively. The 9 µm sample consists of 70 AKARI sources, 11 IRAS sources, and 45 WISE sources (126 sources in total), while the 18 µm sample consists of 79 AKARI sources, 9 IRAS sources, and 39 WISE sources (127 sources in total). The summed sample detected either in the 9 µm, 18 µm, or AKARI 90 µm band consists of 128 sources (9 µm; 126, 18 µm; 127, 90 µm; 62). Figure 3 displays the redshift distribution of the 128 AGNs with MIR counterparts (blue) together with that of the whole ) sample of 135 AGNs (red). Since our sample is highly complete(95%), we regard our current sample with MIR counterparts as representative of the whole population of hard X-ray selected AGNs, and hereafter ignore any issues related to the incompleteness. Table 1 summarizes the infrared to X-ray properties of all the 135 Swift/BAT 9 month non-blazar AGNs in , including 128 objects with MIR counterparts: (1) source No. in , (2) object name, (3) redshift, (4)-(6) infrared fluxes (F ν ) at 9 µm, 18 µm, and 90 µm, (7)-(9) infrared luminosities (λL λ ) at 9 µm, 18 µm, and 90 µm, (10) reference catalog for the IR data for 9 µm, 18 µm, and 90 µm, (11) hard X-ray flux in the 14-195 keV band, (12) hard X-ray luminosity in the 14-195 keV band (L HX ), (13) X-ray absorption column density (N H ), (14) covering fraction in the X-ray spectrum (f c ), and (15) the reference for the X-ray spectra. For AGNs whose AKARI MIR fluxes are not available, we convert the infrared fluxes and luminosities with IRAS or WISE into those at 9 µm or 18 µm according to the formula given in Section 2.5. Columns (1), (2), (3), (11) are taken from 4 . The X-ray spectral information (columns 13-14) is basically adopted from , while we refer to the results obtained with Suzaku Risaliti et al. 2009; Turner et al. 2009; Awaki et al. 2008; González-Martín et al. 2011; Winter et al. 2009b; Itoh et al. 2008; Tazaki et al. 2011; Bianchi et al. 2009 ) and those with XMM-Newton Ballantyne 2005 ) whenever available. When the information is not available in , we refer to . All luminosities in this table are calculated by using the redshift given in column (3). There are total 13 new type AGNs out of the 135 AGNs, for which asterisks are attached to the source No. in Table 1 (column 1). Figure 4 plots the hard X-ray luminosity distribution of our AGN sample with the MIR counterparts. Those for type-1 (dashed blue), type-2 (dotted red), and newtype (dot-dashed green) are separately plotted. Previous studies on Swift/BAT selected AGNs Burlon et al. 2011) have shown that the X-ray luminosity distribution of type-1 AGNs has a higher peak luminosity than that of type-2 ones, as expected from the well-known correlation that the fraction of absorbed AGNs decreases against luminosity (e.g., Ueda et al. 2003) . Although such trend may not be clear in Figure 4 due to the smaller sample size and coarse bin width (0.5 dex), the averaged logarithmic luminosity of the type-1 and type-2 AGNs in our sample is 43.9 and 43.6, respectively, and a K-S test applied to their distributions returns a null probability of 4.0 × 10 −2 . Thus, albeit marginal, type-1 AGNs are more luminous on average than type-2 AGNs in our sample.
Basic Properties of the Sample

RESULTS AND DISCUSSION
3.1. Correlation between the Infrared and Hard X-ray Luminosities Figure 5 shows the luminosity correlations in the luminosity range from 10 41 erg s −1 to 10 46 erg s −1 between the infrared (9, 18, or 90 µm) and Swift/BAT hard X-ray bands. Type-1, type-2, and new type AGNs are marked with squares (blue), circles (red), and diamonds (green), respectively. The small-filled symbols denote the data from AKARI, large-filled ones those from IRAS, and small-open ones those from WISE. In the figure, NGC 4395 is not shown due to its low luminosities (log λL λ (9 µm), log λL λ (18 µm), log L HX) = (39.98, 40.28, 40.81). As noticed from the figure, the MIR (both 9 and 18 µm) luminosities well correlate with hard X-ray luminosity over 3 orders of magnitude (from 10 42 -10 45 erg s −1 ). In the FIR (90 µm) band, by contrast, the correlation is much weaker with larger dispersion compared with the MIR bands, even though we plot here only for AGNs detected with AKARI at 90 µm.
Least-square fits to the hard X-ray versus MIR luminosity plots with a power law model (i.e., a linear function for the logarithmic luminosities with the form of log(L HX /10 43 ) = a + b log(λL λ (9, 18 µm)/10 43 ) give the following best-fit correlations: log L HX 10 43 = (0.06 ± 0.07) + (1.12 ± 0.08) log -Correlation between the infrared (9 µm, 18 µm, or 90 µm) and hard X-ray (14-195 keV) luminosities. Squares (blue) represent type-1 AGNs (N H < 10 22 cm −2 ), circles (red) type-2 AGNs (N H ≥ 10 22 cm −2 ), and diamonds (green) new type AGNs. Dotted lines represent the regression lines (see Section 3.1). The small-filled, large-filled, small-open symbols denote those with the AKARI, IRAS, and WISE counterparts, respectively. The IRAS and WISE fluxes are all converted into the 9 µm (left) or 18 µm (right) using the formula given in Section 2.5.
To check the significance of the correlations between the hard X-ray and MIR/FIR luminosities (or fluxes), we perform Spearman's tests for the summed sample consisting of all AGN types. The results are summarized in Table 2 , which has the following columns: Col. (1) (6) a standard Student's t-test null significance level for flux-flux correlations (P f ); Col. (7) regression intercept (a) and its 1-σ uncertainty; Col. (8) regression slope (b) and its 1-σ uncertainty. We find that both luminosity-luminosity and flux-flux correlations between the hard X-ray and MIR bands are highly significant. While there is also a significant correlation between 90 µm and hard X-ray luminosity, (ρ L , P L ) = (0.59, 4.5 × 10 −7 ), their flux-flux correlation is weak with (ρ f , P f ) = (0.17, 0.18).
We establish the good correlation between the MIR and hard X-ray luminosities in AGNs from so far the largest, uniform AGN sample in the local universe, although similar results have been reported by several authors (Mushotzky et al. 2008; Gandhi et al. 2009; Vasudevan et al. 2010) . The MIR emission from galaxies hosting an AGN is believed to originate mainly from high temperature (∼ 150-300 K) dust emission heated by X-ray/UV photons from the central engine. Thus, if extinction is not important, the MIR luminosity is expected to be correlated with the intrinsic X-ray luminosity, the most reliable tracers of the AGN power (since our sample contains mostly Compton thin AGNs with N H < 10 24 cm −2 , the observed 14-195 keV luminosity can be regarded as the intrinsic one without any correction). On the other hand, the FIR emission comes both from cooler (∼ 30 K) interstellar dust heated by stars in host galaxies and from the cooler (outer) part of the torus in the AGN. The contribution from the host galaxy increases the scatter of the observed luminosity correlation, depending on the total star forming rate over the whole galaxy. Our results demonstrate that the MIR emission is more suitable for estimating the AGN intrinsic power than in the FIR band.
Figures 6 plot the histograms of the MIR to hard X-ray luminosity ratio in the logarithm scale (r ≡ log λL λ (9 µm)/L HX and log λL λ (18 µm)/L HX ) for the Swift/BAT AGN sample with MIR counterparts in the 9 µm and 18 µm bands, respectively, calculated from (a, d) total, (b, e) type-1 AGNs, and (c, f) type-2 + new type AGNs. Following Gandhi et al. (2009) , we calculate its average and standard deviation for each sample, which are summarized in Table 3 . From the total AGNs, we obtain (r, σ) = (−0.129 ± 0.039, 0.437 ± 0.055) for the 9 µm band and (r, σ) = (−0.080 ± 0.042, 0.473 ± 0.059) for the 18 µm band. We find that the average is consistent between type-1 and type-2 (plus new type) AGNs within the errors. 24 cm −2 ) AGNs. It is not a statistically complete sample, however. The average X-ray luminosity is ∼ 42.9 and only 3 sources have QSO class luminosity (L(2 − 10 keV) > 10 44 erg s −1 ). Twenty four objects out of the 42 AGNs are listed in the Swift/BAT 9-month catalog and in our Table 1 . We obtain (r, σ) = (0.086 ± 0.054, 0.353 ± 0.077) for the 12.3 µm band from the Gandhi et al. (2009) sample. Although the average is slightly larger than ours, it is still consistent within the error in the 18 µm band. Note that silicate features (see below) may affect our result in the 9 µm band. The standard deviation is almost the same between the Gandhi et al. (2009) sample and ours; the small difference could be due to the fact that there are 22 "well-resolved" AGNs in Gandhi et al. (2009) , whose nucleus MIR emission was spatially separated from the host galaxy, making the correlation between the MIR and X-ray luminosities tighter.
We also check the consistency with the results by 
Matsuta et al. (2012) obtained from the cross correla-
tion between the Swift/BAT 22 month sample and the AKARI catalog. We confirm that our best-fit slopes (b) of the linear correlations between log λL λ (9, 18 µm) and log L HX are well consistent with their results (1.13 for 9 µm and 1.12 for 18 µm with average errors of 0.04). On the other hand, the averaged MIR to X-ray luminosity ratios (r) derived from our study are slightly smaller than those by Matsuta et al. (2012) (0.14 for 9 µm and 0.19 for 18 µm). The difference is attributable to the high completeness of identification in our analysis, where faint, WISE-only detected MIR sources are included.
As noticed from Figure 5 , all types of AGNs (type-1, type-2, and new type) seem to follow almost the same MIR vs hard X-ray luminosity correlation. In fact, we see no significant difference in the distribution of their luminosity ratio between type-1 and type-2/new type AGNs (Table 3) . To check this further, we plot λL λ (9 µm)/L HX and λL λ (18 µm)/L HX as a function of the absorption column density (N H ) in Figure 7 . In both panels, there is no clear dependence of the MIR to X-ray luminosity ratio on N H up to log N H ≃ 24. The large ratios found for Compton thick AGNs can be partially explained by attenuation of the hard X-ray fluxes due to heavy obscuration. The absence of N H dependence suggests that the emission from the AGN-heated dust seems not to be affected by the obscuration by the torus causing the X-ray absorption. The results cannot be explained with homogeneous dust torus models (Pier & Krolik 1992 , 1993 , which predict the significant decrease in the MIR to Xray luminosity ratio when an optically-thick line-of-sight through the torus primarily show cooler smooth-dust and a lower mid-infrared luminosity for the same X-ray luminosity than does an optically-thin one. Our results rather favor the clumpy dust tori model (Hönig et al. 2006; Nenkova et al. 2008a; Schartmann et al. 2008) , which predicts isotropic MIR emission, as discussed in Gandhi et al. (2009) . No clear difference is seen in the MIR to X-ray luminosity correlation between normal AGNs and new type AGNs. New type AGNs may have large intrinsic MIR luminosities because of the geometrically thick torus (Nenkova et al. 2008b ), which could be partially canceled out due to extinction, however. Currently, the possible contribution from the host galaxy in the MIR band makes direct comparison between individual objects very difficult. We need more observations of these AGNs by resolving only the nucleus emission as done in Gandhi et al. (2009) Weaver et al. (2010) found a tight luminosity correlation between these lines and hard X-ray luminosities with a scatter of ∼0.5 dex, which is almost comparable with our result obtained for the MIR and hard X-ray correlation (≈0.45 dex, see Table 2 ). The correlation we find is very useful and easy to apply to various survey data as it requires only photometry without spectroscopy. AKARI 9 µm band covers the strong PAH emission feature at 7.7, 8.6, and 11.2 µm. In addition, opacity peak of amorphous silicate grains are located around 10 and 18 µm due to the Si−O stretching and the O−Si−Y bending modes. Hao et al. (2007) report the MIR spectra of different types of AGNs (type-1 QSO, type-1 Seyfert, type-2 Seyfert, ULIRG) from Spitzer observations, revealing a large variety in the 10 µm silicate feature. Silicate absorption feature is clearly detected from type-2 Seyferts.
Averaged SEDs in the NIR to FIR band of the three types of AGNs are presented in Figure 8 . The spectrum of each AGN is normalized by the 18 µm luminosity. Here we only use total 42 sources detected in all the 9, 18, and 90 µm bands, consisting of 16 type-1, 21 type-2, and 5 new type AGNs. We also include the photometric data in the J, H, and K s bands adopted from the 2 Micron All Sky Survey (2MASS) Point Source Catalog. We neglect the effect of redshift because the sample consists of only local AGNs (z < 0.1 with a mean value of z = 0.0165), for which K-correction is not significant.
We find that the FIR emission at 90 µm is weaker relative to 18 µm in the type-1 AGNs (blue) than in type-2 (red) and new type AGNs (green). On the other hand, the MIR spectra are almost the same between the type-1 and type-2 AGNs. This can be explained because type-1 AGNs have intrinsically higher AGN luminosities on average than type-2 AGNs (see Figure 4) , and hence contribution from cool dust in the host galaxy emitting the FIR radiation becomes smaller relative to the AGN component mainly observed in the MIR band. Indeed, the same trend is seen in the observed SED templates of Seyfert 2 galaxies and type-1 QSOs complied by Polletta et al. (2007) (see their Figure 1 ). Another possible explanation would be an intrinsic difference of the dust quantity between type-1 and type-2 AGNs: Malkan et al. (1998) suggested that the host galaxies of type-2 AGNs are likely to be more dusty than those of type-1 AGNs from the results of a Hubble Space Telescope imaging survey of nearby AGNs.
It is remarkable that the averaged SED of new type AGNs exhibit enhanced fluxes than type-2 AGNs at 9 µm. In fact, this is confirmed in the individual SED for 4 objects (ESO 005-G004, ESO 506-G027, NGC 7172 and NGC 7319) out of the 5 new type AGNs examined here. This 9 µm excess most probably attributable to the PAH emission feature at 7.7, 8.6, and 11.2 µm from the host galaxies. This is consistent with the larger 90 µm excess in the averaged new-type AGN spectrum than in type-2 AGNs, which also reflects the starburst activity in the host galaxies. Another possibility is that the 9 µm excess comes from the emission feature of silicate grains, which would imply a larger amount of dusts around the nucleus than in normal type-2 AGNs. Our result suggests that geometrically thick tori around the black hole may form in galaxies with high star forming rates.
Four out of the 5 new type AGNs have available MIR spectra observed with Spitzer. ESO 005-G004 shows a clear 11.2 µm PAH line, and silicate absorption features are suggested at λ > 10 µm (Weaver et al. 2010) . A detection of the 11.2 µm PAH line is reported from ESO 506-G027 (Sargsyan et al. 2011) , although the spectrum is not available in the literature. NGC 7172 shows PAH lines at 7.7 µm and 11.2 µm with strong silicate absorption features. In addition, for ESO 005-G004 and NGC 7172, the line flux ratio between [Ne III] 15.56 µm and [Ne II] 12.81 µm is available in Weaver et al. (2010) , from which the relative strength of the starburst to AGN activities can be estimated. These two sources have log f [NeIII] /f [NeII] = −0.50 and −0.31, respectively, suggesting that both have relatively strong starburst components normalized by their AGN activities. Thus, though limited in sample, a majority of our new type AGNs indeed show significant PAH emission lines (and silicate absorption features) contributing to the 9 µm excess. Further systematic investigation of the MIR spectra of hard X-ray selected AGNs is useful to reveal the host galaxy properties and environment around the central engine in relation to the X-ray spectral information.
SUMMARY AND CONCLUSIONS
We have systematically studied the MIR and FIR properties of a large complete flux limited AGN sample in the local universe detected in the Swift/BAT all sky survey in the 14-195 keV band, which has the least bias against obscuration. Utilizing the AKARI, IRAS, and WISE infrared catalogs, we unambiguously identify 128 counterparts in the MIR band out of the 135 non-blazar AGNs in the Swift/BAT 9-month catalog by . For our discussion, the whole sample is divided into 3 types based on the X-ray spectra, 57 type-1, 58 type-2, and 13 "new type" AGNs showing extremely small scattered fractions.
The two main conclusions are summarized as follows:
1. We find a good luminosity correlation between the MIR (9 µm and 18 µm) and hard X-ray band over three orders of magnitude (42 < log L HX < 45), while that between the FIR (90 µm) and hard Xray bands is weaker, most probably due to the larger contribution from the host galaxy ( Figure 5 ). All types of AGNs follow the same correlation, and the luminosity ratio between the MIR to X-ray bands show no clear dependence against absorption column density up to N H ∼ 10 24 cm −2 . Our results favor isotropic infrared emission models, possibly clumpy dust torus models rather than homogeneous dust model, confirming the argument by Gandhi et al. (2009) but with a much larger sample.
2. We find 9 µm excess in the averaged infrared SED of "new type" AGNs. This could be attributable to the PAH emission features, as confirmed in the available Spitzer spectra of at least three sources, suggesting that their host galaxies have strong starburst activities.
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(2) (3) (4) (5) (6) (7)
9 µm 126 0.82 0.60 3.0 × 10 −31 1.4 × 10 −13 0.06 ± 0.07 1.12 ± 0.08 18 µm 127 0.76 0.59 1.7 × 10 −25 2.4 × 10 −13 0.02 ± 0.07 1.10 ± 0.07 90 µm 62 0.59 0.17 4.5 × 10 −7 1.8 × 10 −1 −0.21 ± 0.10 1.16 ± 0.11
Note.
-Correlation Proporties between 14-195 keV X-ray luminosity (log LHX) and infrared (9, 18, and 90 µm) luminosities (log λL λ (9, 18, 90 µm)) to various subsample populations. (1) sample name; (2) number of sample; (3) the Spearman's Rank coefficient for luminosity correlations (ρL) ; (4) the Spearman's Rank coefficient for flux-flux correlations (ρ f ); (5) the standard Student t-test null significance level for luminosity correlations (PL); (6) the standard Student t-test null significance level for flux-flux correlations (P f ); (7) regression intercept (a) and its 1σ uncertainty; (8) slope value (b) and its 1σ uncertainty. Equation is represented as Y = a + bX. Note.
Averages and standard deviations of log(λL λ (9, 18 µm)/LHX).
(1) Sample name; (2) Number of sample; (3) average of log(λL λ (9, 18 µm)/LHX); (4) standard deviation of log(λL λ (9, 18 µm)/LHX)
